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(OHPHQW 0HWKRG )(0 7KH VROYHU LV DEOH WR VROYH SUREOHPV ZKHUH ' PHVKHV FRQWDLQ ILQLWH HOHPHQWV RI GLIIHUHQW NLQG
WHWUDKHGUDOSULVPDQGS\UDPLGHOHPHQWVZLWKWKHQXPEHURIHTXDWLRQVDQGSRO\QRPLDORUGHUVRIDSSUR[LPDWLRQYDU\LQJORFDOO\








7KLV SDSHU SUHVHQWV WKH RXWRIFRUHPXOWLIURQWDO GLUHFW VROYHU IRU PXOWLSK\VLFV SUREOHPV VROYHG E\ XVLQJ KS
)LQLWH(OHPHQW0HWKRG KS)(00XOWLSK\VLFVSUREOHPVGHOLYHUDQRQXQLIRUPVWUXFWXUHRI WKH VWLIIQHVVPDWUL[
UHVXOWLQJ IURP XWLOL]LQJ GLIIHUHQW QXPEHU RI HTXDWLRQV RQ GLIIHUHQW SDUWV RI WKHPHVK 7KH VROYHU FDQZRUNZLWK
'SUREOHPV ZKHUH ILQLWH HOHPHQWV RI GLIIHUHQW NLQG VXFK DV WHWUDKHGUDO KH[DKHGUDO RU SULVP HOHPHQWV FDQ EH
XWLOL]HG7KH VROYHU LV GHGLFDWHG IRUKSDGDSWLYH FRPSXWDWLRQVZKHUH WKH SRO\QRPLDO RUGHUVRI DSSUR[LPDWLRQ DV
ZHOODVWKHQXPEHURIHTXDWLRQVFDQYHU\ORFDOO\IRUGLIIHUHQWILQLWHHOHPHQWHGJHVIDFHVDQGLQWHULRUV$GGLWLRQDO
FRPSOLFDWLRQ LV WKH IDFW WKH K UHILQHG PHVKHV UHTXLUH XVDJH RI S\UDPLG HOHPHQWV VLQFH WHWUDKHGUDO HOHPHQWV DUH
EURNHQLQWRIRXUWHWUDKHGUDODQGWZRS\UDPLGHOHPHQWV
7KHRXWRIFRUHVROYHULVGHVLJQHGZLWKWZRSULQFLSOHVLQPLQG)LUVWWRVWRUHWKHHQWLUHKLVWRU\RIFRPSXWDWLRQV
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REWDLQHGE\GXPSLQJRXWDOOORFDOV\VWHPVIURPWKHHQWLUHHOLPLQDWLRQWUHHWRWKHGLVNGXULQJWKHHOLPLQDWLRQVWDJH
7KHORFDOV\VWHPVDUHUHXWLOL]HGODWHUGXULQJWKHEDFNZDUGVXEVWLWXWLRQVWDJH
7KH VROYHU LV LQWHUIDFHG ZLWK PXOWLSK\VLFV H[WHQVLRQ RI WKH KS)(0 DSSOLFDWLRQ KSG >@ 7KH RXWRIFRUH
YHUVLRQ RI WKH VROYHU LV EDVHG RQ WKH LQFRUH YHUVLRQ RI WKH DOJRULWKP SUHVHQWHG LQ >@7KH VROYHU LV WHVWHG RQ D
FKDOOHQJLQJ FRPSXWDWLRQDO SUREOHP WKH DFRXVWLFV RI WKH KXPDQ KHDG PRGHOHG DV OLQHDU HODVWLFLW\ FRXSOHG ZLWK
OLQHDUDFRXVWLFV>@
7KH UHDVRQZK\ZH IRFXV RQ WKH GLUHFW VROYHU LQVWHDG RI FRQVLGHULQJ LWHUDWLYH VROYHUV LV WKH IROORZLQJPXOWL
SK\VLFVSUREOHPVXVXDOO\JHQHUDWHKXJHOLQHDUV\VWHPVRIHTXDWLRQVZKLFKDUHQRWZHOOFRQGLWLRQHGDQGWKXVWKH
DSSOLFDELOLW\RILWHUDWLYHVROYHUVLVW\SLFDOO\OLPLWHG,QDGGLWLRQPRVWLWHUDWLYHVROYHUVH[KLELWDODFNRIUREXVWQHVV
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2XWRIFRUHPXOWLIURQWDOGLUHFWVROYHUDOJRULWKP
7KH FRPSXWDWLRQDO PHVK LV SDUWLWLRQHG UHFXUVLYHO\ LQWR VXEGRPDLQV VHH )LJXUH  ,W LV GRQH EH H[HFXWLQJ WKH
IROORZLQJ UHFXUVLYH DOJRULWKP 7KH ILQLWH HOHPHQWV IURP WKH PHVK DUH QXPEHUHG IURP  WR  7KH SDUWLWLRQ




























7KHDERYHDOJRULWKPH[HFXWHGRQWKHKXPDQKHDGPRGHO IURP)LJXUHUHVXOWV LQ WKHHOLPLQDWLRQWUHHZLWKWKH
QXPEHURI OHDYHVHTXDO WR WKHQXPEHURIHOHPHQWV WKDW LV7KHRXWRIFRUH VROYHUDOJRULWKP VXPPDUL]HG
EHORZLVH[HFXWHGRQWKHHOLPLQDWLRQWUHHREWDLQHGIURPWKHDERYHDOJRULWKP
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7KH VHTXHQWLDO VROYHU DOJRULWKP KDV EHHQ REWDLQHG E\ PRGLI\LQJ WKH SDUDOOHO DOJRULWKP GHVFULEHG LQ >@ 7KH
JHQHUDOLGHDZDVWRUHSODFHWKHVHQGUHFHLYHRSHUDWLRQVE\GXPSRXWDQGGXPSLQDQGEURZVHWKHHQWLUHHOLPLQDWLRQ
WUHH RQ D VLQJOH SURFHVVRU LQ WKH SRVWRUGHU $GGLWLRQDO RSHUDWLRQV DUH WKH GHDOORFDWLRQ RI XQXVHG V\VWHPV DQG


























6XPPLQJXS WKHSURFHVVRIPHVKJHQHUDWLRQDQGVROYHUH[HFXWLRQFDQEHH[SUHVVHGDV WKH IROORZLQJVHTXHQFHRI
JUDSKJUDPPDUSURGXFWLRQV3LQLW±3DGGP±3FORVHQ±3DGGOD\HUN±3FORVHOD\HUO±3DGGOD\HUN±
3FORVHOD\HUO±3HOLPLQLWP±3HOLPIDFHS±3HOLPHGJHT±3HOLPYHUWH[Z7KHSURGXFWLRQV3LQLW3DGG

































FRDUVHPHVK S       
ILQHPHVK S       







7KHPD[LPXP DQGPLQLPXP QXPEHU RI QRGHV RQ WKH LQWHUIDFH LV XVHG WR HVWLPDWH WKH QXPEHU RI QRGHV WKDW
FDQQRWEHHOLPLQDWHGZLWKLQWKHORFDOV\VWHPRIHTXDWLRQV$WWKHURRWRIWKHHOLPLQDWLRQWUHHUHSUHVHQWHGE\WKHILUVW
OHYHORIWKHHOLPLQDWLRQWUHHDOOQRGHVDUHIXOO\DVVHPEOHGDQGFDQEHHOLPLQDWHG
1H[W ZH PHDVXUHG WKH PHPRU\ XVDJH RI WKH RXWRIFRUH VROYHU:H VLPSO\ PHDVXUHG WKH VL]H RI WKH IURQWDO
V\VWHPVSURFHVVHGE\WKHVROYHUGXULQJWKHHQWLUHKLVWRU\RIWKHFRPSXWDWLRQIRUWKHFRDUVHPHVKLQ)LJXUHDQGIRU
WKHILQHPHVKLQ)LJXUH$FWXDOO\ZHPHDVXUHWKHVL]HVRIWKHGXPSHGRXWILOHVZLWKWKHIURQWDOV\VWHPV,WVKRXOG




IDFWRUL]DWLRQVWDJH7KLV LV WKHDPRXQWRIPHPRU\UHTXLUHG WRVWRUH IURQWDOPDWULFHV$FWXDOPHPRU\XVDJHRI WKH
RXWRIFRUH08036VROYHULVODUJHUVLQFHZHUHSRUWKHUHRQO\WKHPHPRU\UHTXLUHGWRZLWKWKHIURQWDOV\VWHPV
$OVRIRURXUVROYHUZHUHSRUWWKHVL]HVRIWKHIURQWDOPDWULFHVPHDVXUHGEDVHGRQWKHVL]HGRIWKHILOHVGXPSHGRXW
WR WKH GLVF GXULQJ WKH IDFWRUL]DWLRQ SKDVH $FWXDOPHPRU\ XVDJH RI RXU VROYHU LV DOVR ODUJHU ,Q RWKHU ZRUGV ZH
FRPSDUHKHUHRQO\ WKHPHPRU\RFFXSLHGE\ WKHIURQWDOPDWULFHVSURFHVVHGE\ WKHVROYHUV2XUVROYHUVWRUHV WKUHH
V\VWHPVDWWKHVDPHWLPHLQPHPRU\7KLVLVUHODWHGWRWKHOLQHRIWKHVROYHUDOJRULWKPZKHUHWKHQHZV\VWHPLV
FUHDWHGDWSDUHQWQRGHVRXWRIWKHWZRVRQFRQWULEXWLRQV
)RU WKH FRDUVH PHVK SUREOHP WKH ODUJHVW ORFDO V\VWHP KDV  *% DQG LW LV ORFDWHG RQ WKH WKLUG OHYHO RI WKH
HOLPLQDWLRQWUHHDQGLWVVRQQRGHVKDVDQG*%7KXVWKHPD[LPXPPHPRU\XVDJHLV *%

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)LJ6WDWLVWLFV IRU WKHRUGHULQJREWDLQHGE\ UHFXUVLYHFDOOV WR0(7,6SDFNDJH IRU WKHFRDUVHPHVK IRUSRO\QRPLDORUGHURIDSSUR[LPDWLRQ
XQLIRUPO\VHWWRS RYHUWHWUDKHGUDOHOHPHQWVDQGWRS RQSULVPHOHPHQWV0D[LPXPDQGPLQLPXPQXPEHURIQRGHVHVWLPDWHGIRUHDFKOHYHO




PHVK HOHPHQW LQWR IRXU VRQ WHWUDKHGUDOV DQG WZR SLUDPLGV DQG HDFKSULVP HOHPHQW LQWR HLJKW QHZ SULVP HOHPHQWV0D[LPXP DQGPLQLPXP
QXPEHURIQRGHVHVWLPDWHGIRUHDFKOHYHORIWKHHOLPLQDWLRQWUHH0D[LPXPDQGPLQLPXPQXPEHURIQRGHVRQWKHLQWHUIDFHQRWIXOO\DVVHPEOHG
\HWHVWLPDWHGIRUHDFKOHYHORIWKHHOLPLQDWLRQWUHH
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RXUDOJRULWKPLV WKDW LW LVYHU\ VLPSOHFRPSDUHDOJRULWKP OLVWHG LQ VHFWLRQ2XWRIFRUHPXOWL IURQWDOGLUHFWVROYHU
DOJRULWKP 0RUHRYHU LW VWRUHV WKH HQWLUH HOLPLQDWLRQ WUHH ZKLFK ZLOO DOORZ IRU UHXWLOL]DWLRQ RI SDUWLDO /8
IDFWRUL]DWLRQV RYHU XQUHILQHG SDUWV RI WKH PHVK >@ ,Q RWKHU ZRUGV LI ZH UHILQH WKH PHVK ORFDOO\ RQO\ WKH /8
















 3DV]\ĔVNL 0 3DUGR ' 3DV]\ĔVND $  3DUDOOHO PXOWLIURQWDO VROYHU IRU S DGDSWLYH ILQLWH HOHPHQW PRGHOLQJ RI PXOWLSK\VLFV
FRPSXWDWLRQDOSUREOHPV-RXUQDORI&RPSXWDWLRQDO6FLHQFH
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